Setting greenhouse gas emission target is a critical step to meet the challenge of climate change. While the debate on global and national carbon emission targets has dominated every major climate change conference, little is known about how the firms set emission targets. Using a dataset on S&P 500 companies in the United States, we investigate the determinants of firm-level climate change mitigation targets, including target adoption and target metric (intensity target vs. absolute target). We find that companies with larger size, higher growth, better innovation, weaker capital constraint, and higher government pressure are more likely to establish emission targets. Further, firm growth has a negative (positive) and significant association with the use of absolute (intensity) target. This may be due to the fact that intensity target can better accommodate growth than absolute target. Policymakers and corporate managers may resort to those determinant factors in designing climate change policies to induce desirable firm-level target-setting behaviors.
Introduction
Climate change has been recognized as one of the greatest challenges for human society, as evidenced by the 2015 United Nations Climate Change Conference in Paris (COP21) and other preceding climate change summits. In order to keep the average global temperature increase to no more than 2°C above pre-industrial levels, we have to limit the emissions of greenhouse gas (GHG) . A critical step of coping with GHG emissions is to set appropriate emission targets. Setting emission targets has always been the most important and contentious issue at every major conference on climate change. One of the earliest efforts to limit GHG emissions with binding targets is the 1997 Kyoto Protocol, which sets targets for industrialized countries with the aim to reduce GHG emissions by an average of 5.2% below the 1990 levels by 2012. At COP21, almost all countries present, developed and developing countries alike, have come up with pledges to reduce specific amounts of GHG emissions by specified deadlines. A great amount of theoretical and empirical studies has been conducted to investigate the problems associated with setting country-level and region-level GHG emission targets (Philibert & Pershing, 2001; Pizer, 2006; Lutsey & Sperling, 2008) .
While target setting has received a lot of attention at the global, national and subnational levels, the study of setting emission targets at the firm level is much less common. At the same time, as pointed out by Krabbe et al. (2015) , striking a global or national agreement is a very slow and difficult process, as shown by the failure to create legally binding targets for major emitting countries at the Copenhagen Summit in 2009. As a result, there is a growing recognition among policymakers and researchers that the private sector may play a more proactive and significant role in tackling climate change. At COP21, John Danilovich, the general secretary of International Chamber of Commerce (ICC), indicates that "One thing is very clear: governments cannot do this alone…business action and engagement will be, without doubt, a central and defining part of the solution to the climate challenge." 1 In almost all corporate climate mitigation actions, target setting is usually an initial step and precedes the implementation of specific actions (Kolk & Pinkse, 2004; Hoffman, 2007) . Target setting can serve multiple important purposes, including as a motivator for carbon abatement actions, an indicator of mitigation commitments, guidelines to choose appropriate actions, and a standard to assess the progress achieved.
The forerunners in the corporate world that voluntarily set internal GHG emission targets are oil and gas companies. BP set up its first reduction target (a 10% reduction from the 1990 emission levels by 2010) and publicly announced it in 2000 ( Van den Hove, 2002) . Other oil and gas companies have since followed suit. The practice of setting emission targets has then gradually spread to companies in other sectors, especially the energy-intensive ones (Dunn, 2002) . As the awareness of climate risk increases, emission targets have proliferated in many industrial sectors. In the United States (U.S.), in the absence of national mandatory GHG emission targets, the U.S. Environmental Protection Agency (EPA) encourages companies to set emission targets through the voluntary Climate Leadership program, which was initially established in 2002 and replaced by the Center for Corporate Climate Leadership in 2011. Companies from various sector, such as the financial, construction and telecommunications, have participated in the program to obtain guidance on setting GHG emission targets and planning GHG mitigation measures.
In this paper, we investigate the drivers behind firm-level target setting among the biggest corporate emitters in the U.S. We examine the targets from two aspects: target adoption and target metric. Target adoption is a binary status indicating whether a company has an established target. Target metric refers to either absolute target or intensity target, both of which have been widely adopted by companies in practice. Absolute target sets a cap on the total GHG emissions regardless of the output of a company. Intensity target regulates the GHG emissions per unit of output. A company can use absolute and intensity targets simultaneously.
The drivers under study include companies' internal factors and external factors. The internal factors are company size, growth, innovation, capital constraint, and emission intensity. The external factors include pressure from government, market and physical climate change. Through this study, we aim to provide a systematic, holistic and comparative perspective on the strategies for target setting. Our study draws on a sample of 351 S&P 500 companies in the U.S. The sample is extracted and constructed from the Carbon Disclosure Project (CDP: http://www.cdp.net), a non-profit organization based in London that maintains the largest database of firm-level climate change performance and policies. To the best of our knowledge, the CDP provides the most comprehensive and detailed data on companies' internal carbon management activities. The data enable us to look into the black box of emission target setting inside the major companies in the U.S. Given the size and the breadth of our sample and the representativeness of the companies in the sample, we believe that to a significant degree our study has captured the target setting strategies of the corporate world in the U.S. Prior literature has studied the determinant factors behind firms' environmental management practices. However, to the best of our knowledge, nothing has been done on the drivers behind climate change mitigation targets. Our study fills in the gap in the literature.
Literature Review and Conceptual Framework
In this section we first present the relevant literature. Then we elaborate on the features of target setting strategies that we aim to study and the potential drivers behind these features.
Literature
Our research is related to the broad category of literature on the corporate environmental and climate change management strategies. While the response to climate change has traditionally been delegated to national or regional entities, a burgeoning trend of research is exploring various aspects of corporate climate strategies. Prior literature has argued that companies' climate strategies will be a key driving force toward a low-carbon future (Kolk & Pinkse, 2004; Levy, 2005) . Further, empirical results point out that there is a growing willingness among business leaders to make bold investments on climate change mitigations (Persson & Rockström, 2011) , due to mounting stakeholder (e.g., governments, investors, consumers) pressure and increasing perceptions of opportunities associated with climate change. Indeed, empirical evidences have shown a spectrum of climate strategies employed by companies, including the disclosure of carbon footprints, the introduction of eco-design, the use of low-carbon energy, and the improvement of energy efficiency (Stanny, 2013; Tseng, Tan & Siriban-Manalang, 2013; Rexhäuser and Löschel, 2015; Gerstlberger, Praest Knudsen & Stampe, 2014; Cadez and Czerny, 2016) , etc.
Despite the abundance of studies on corporate climate strategies, target setting, as a critical precondition to mitigation actions, has not received sufficient attention in the past. However, recently, there appears an emerging and rapidly growing stream of research on setting corporate emission targets, including the development of target setting methodology, the characterization of target setting behaviors, and the analysis of motivations behind target setting. Kolk and Pinkse (2004) use the CDP survey data in 2002 to analyze the corporate climate strategies of a broad sample of large multinational companies. They find that the target setting process displays great variations between firms in different sectors, and, overall, 51% of the respondents have targets to reduce or stabilize the direct GHG emissions. Gouldson and Sullivan (2013) investigate the efficacy and reliability of setting corporate emission targets as a response to climate change among the major supermarkets in the United Kingdom (U.K.). They find that the voluntary targets set by the supermarkets in the U.K. not only align with the goals of the U.K. government, but also are high likely to be achieved. Sullivan and Gouldson (2016) compare the target setting behavior of representative U.K. and U.S. retailers, and find U.K. companies tend to set more ambitious reduction targets. Krabbe et al. (2015) suggest that setting corporate emission targets is a critical step in attaining national and global climate goals, and proposes a methodology to derive the corporate targets. Using the CDP data, Ioannou, Li and Serafeim (2015) find that the completion rate of carbon reduction targets is positively affected by both the provision of monetary incentives and the difficulty of the targets.
Target-Setting Characteristics
In this section we describe the two salient features of targets that we aim to study, i.e., target adoption and target metric.
Target Adoption: This refers to the binary status of whether or not a company has an established target for reducing GHG emissions. Companies may have diverse motives of target setting. Basically, setting an emission target provides a company with a clear criterion to gauge the success of its climate change efforts. Targets can also serve to motivate and pressure a company to take actions. In addition, the adoption of targets may serve as a means for companies to demonstrate to the public their climate friendliness.
Target Metric: The target metric refers to the choice between intensity and absolute measures by a company in benchmarking its GHG emission actions. The absolute target sets a cap on the GHG emissions at a specific time point in the future, regardless of the amount of output of a company. The intensity target puts a limit on the emission per unit of output. Both absolute and intensity targets for environmental purposes are common in reality. The Corporate Average Fuel Economy standards in the U.S. can be regarded as an intensity target and cap-and-trade scheme for sulphur dioxide emissions is on an absolute basis. There have been a great amount of discussions on the advantages and drawbacks of both absolute and intensity metrics. Since the intensity target can tie total emission to economic activity, it has been argued that it provides a more flexible governing framework to accommodate growth (Fischer & Springborn, 2011) . Indeed, at the country level, fast-growing countries like China and India have resorted to carbon intensity of GDP rather than absolute terms in Copenhagen Accord and COP21. But others have argued that the uncertain total emissions pose a potential problem for climate change adaption and intensity targets may serve to "wrap up a weak environmental policy and make it look better" (Dudek & Golub, 2003) . Some companies employ both absolute and intensity targets.
Drivers for Target Setting
In this section we outline the potential drivers for setting the GHG emission targets. The factors can be either internal or external to the companies. The internal factors include a company's size, growth, innovation, capital constraint, and emission intensity. The external factors include pressure from government, market, and physical climate change. Below we describe the definitions of the factors and the rationale for including them in this study.
Internal Drivers of Targets
Firm Size: Various studies have indicated that larger companies are more likely to implement environmental management practices, such as the certification of ISO14001 (Nakamura, Takahashi & Vertinsky, 2001 ) and end-of-pipe pollution control technologies (Demirel & Kesidou, 2011) , than smaller ones. Different rationales have been proposed to explain the positive association between company size and environmental proactivity. Nakamura et al. (2001) argue that larger companies may benefit from economies of scale and are more capable of devoting resources to environmental practices. Bowen (2002) suggests that larger companies have societal visibility and hence bear greater pressure from regulators and the general public to comply with certain environmental standards. An alternative view argues that the sign (i.e., positive or negative) of an association depends on the specific environmental initiatives being implemented (Sharma & Henriques, 2005) . While larger companies may undertake pollution control and eco-efficiency initiatives in a more efficient manner, smaller companies are more flexible in developing disruptive environmental innovations (Sharma & Henriques, 2005) . To the best of our knowledge, no paper has touched on the relationship between firm size and emission targets.
Firm Growth: Russo and Fouts (1997) debate that companies in high-growth industries are more likely to benefit from improved environmental performance than those in low-growth industries, because high-growth is associated with both higher prospect of return and better tolerance of risk from the environmental initiatives. Therefore, we conjecture that companies with high growth potentials are more likely to adopt targets. Moreover, there are a lot of debates at the national level on how to set emission targets to accommodate economic growth. Intensity target is proposed as a mechanism which can balance environmental goals and national economic growth and is more flexible than absolute target, since there is no cap in intensity target restraining the total amount of emission as does that in absolute target (Dudek & Golub, 2003) . Similar logic can be applied to firm-level targets: intensity target is linked to per unit of output of a company, the latter in turn reflects the growth rate of that company, therefore, intensity target may balance the environmental target of a company and the growth of a company. Hence, firms with high growth may favor intensity target.
Innovation: It has long been argued that companies with stronger research and development (R&D) capabilities are more likely to benefit from environmental initiatives, especially the initiatives aiming to enhance eco-efficiency (Anton, Deltas & Khanna, 2004; Martin, Muûls, de Preux, & Wagner, 2012) . This is because more innovative companies are more adept in undertaking process and product innovation to reduce per unit energy and material input. Hence, innovation may be positively related to the use of target.
Capital Constraint: Investments in environmental protection actions, just like any other investments, are invariably constrained by companies' financial status. A company under heavy capital constraint may not be able to allocate sufficient resources to climate strategies, and hence is likely to eschew emission targets in the first place.
Emission Intensity: A company's emission intensity is likely to impact its decision on setting emission targets. Companies with high emission intensities are likely to face more pressure from stakeholders such as regulators and consumers than their counterparts with low emission intensities. Therefore, a company with high emission intensity may be more proactive in adopting emission targets.
External Drivers of Targets
Government Pressure: It has long been argued that government pressure is a major driving force behind the companies' environmental practices (Anton et al., 2004) . The pressure usually takes the form of existing and potential environmental regulations. In the U.S., debates on limiting GHG emissions via regulatory measures have been going on for years. Even though no legally binding national targets have been set so far, sub-national programs have emerged and expanded (e.g., Regional Climate Change Initiative, California Cap-and-Trade Program, and Quebec Cap-and-Trade Program).
Market Pressure: Another important determinant of companies' environmental conduct is the attitude of the market (Anton et al., 2004) . The market factors include reputation and changing consumer behavior. The environmentally conscious customers are increasingly reluctant to purchase products and services from a company with tainted environmental profile.
Climate Pressure: Climate pressure refers to pressure of physical impacts of climate change, which can affect business operations. Relevant physical impacts include change in mean and extreme temperatures, change in precipitation pattern, rise of sea level, and increased activities of tropical cyclones. Such physical phenomena of climate change may impact the business operations of a company both directly and indirectly. For instance, Coca-Cola acknowledges that climate change, such as droughts, poses great threats to the company's operations and economic bottom-line.
2 In response, the company has started to phase out diesel fleet with renewable trucks, improve energy efficiency of its manufacturing process, and redesign its products to reduce carbon footprints.
Data and Variables
This section describes the data source on target setting and the method of constructing the relevant variables from the data. 
Data Source
The data used in this study are extracted from the CDP database (http://www.cdp.net) and COMPUSTAT. The CDP builds the world's largest database regarding corporate performance in relation to climate change. The goal of CDP is to provide relevant tools and information to companies, investors and policymakers to manage climate change risks. The CDP collects the data through an annual survey sent to major companies worldwide at the end of each calendar year. The survey is very detailed, with more than 100 questions covering topics like management attitude toward climate change, incentive policy for carbon abatement, GHG emission level, and abatement activities implemented. For each question, CDP also provides very detailed reporting guidance on the answer, such as the type of information to be included and the format to be used. For instance, when CDP asks the respondent to report the annual monetary saving from GHG abatement initiatives, it states that "enter the amount of monetary savings per year expected from the initiative once it is fully operational. The number ... should be entered in full and without commas… Where savings occur on a non-annual basis, please average out so that an annual figure can be provided." The companies are requested to submit the answers via an online system by the end of May each year. The CDP then analyzes the responses and assigns two scores to each report. The disclosure score measures the reporting quality and the performance score measures the climate change performance. The report itself and the two scores are published at the CDP website. The CDP data set has been used by several previous studies, such as Kolk and Pinkse (2004) and Yu, Wang, Li and Shi (2016) . The company characteristic data are obtained from COMPUSTAT.
Variables
We collect data on target variables from the CDP survey in 2013. The CDP survey asks a company if it has an emission reduction target that was active (ongoing or reaching completion) in the reporting year. The yes/no answer to the question yields a binary variable for target adoption. Then the company is asked to specify the metric of the target if there is one. From the answers we can derive the target metric variable.
We construct government pressure, market pressure and climate pressure variables with the answers to an array of questions in the CDP database. First, the CDP asks the respondents to report assessment of a wide array of regulatory tools, including international agreements, air pollution limits, carbon taxes, cap and trade schemes, emission reporting obligations, fuel/energy taxes, and product efficiency standards. For each type of regulatory tool, the companies are requested to report the magnitude of the impact of regulation, which is rated by a 5-level scale from low to high. We let the low magnitude take the value of 1, and the high magnitude take the value of 5, and all other magnitude levels in between. Then we take the average magnitude of all types of regulatory tools as the proxy for government pressure. Market pressure and climate pressure are constructed in a similar manner.
We collect relevant firm characteristic data from COMPUSTAT. We use the natural logarithm of total assets (item 6) to proxy the firm size. The company growth is measured as the sales (item 12) growth rates for the companies averaged for the past three years at the setup date of the target. A company's capital constraint is measured by its leverage, which is the ratio between long-term debt (item 9) and total assets. We use the R&D intensity, measured by the ratio between R&D expense (item 46) and sale, to proxy a company's innovation capability. Following the common practice in many previous studies, we replace missing R&D expense in COMPUSTAT with zero. Emission intensity is given as the ratio between total emissions and sales.
In running the empirical models, we need to take the time frame of the targets into consideration. Ideally, the potential determinant factors of the target adoption and target metric should be the factors at or prior to the time when the target was set up. Since CDP does not include the date when the target was established, we need to infer the target setup date from the completion time of the target. For instance, McCormick & Company reported in the CDP data for 2013 that the company had a target that aimed to abate 5% of its emissions by 2015 and further reported that the time period for completing the target had elapsed by 50% in 2012. Therefore, we can infer that the target was established in 2009. But for a certain number of companies with their targets 100% completed, it is impossible to derive setup dates of targets using the above-mentioned method. For those companies, we use the variables one year before the reporting year in the regression. Also, we only have the government pressure, market pressure, and climate pressure data of the reporting year. Therefore, we use them in contemporaneous measure in all regressions.
In addition, we control for the potential of being affected by norms and trends of a particular industry through industry dummies and the time through year dummies. The industry dummies are created based on the two-digit Global Industry Classification Standard (GICS) codes. The year dummies are created based on the year when a particular target was set up. policymakers should try to increase the adoption of emission targets among the firms. For instance, to encourage the use of emission targets, policymakers may seek ways to create or strengthen governmental pressure on the firms in the form of regulatory measures. Hard measures such as carbon tax or emission cap may not be viable in the short term. But there are ways, such as mandatory emission reporting and even simple threat of stringent regulation, that policymakers can leverage to boost the pressure on firms (Anton et al., 2004) . In promulgating the emission targets, policymakers may also pay special attention to smaller, low-growth, less innovative firms, which have been found to be less likely to use emission targets. Moreover, the policymakers should be cautious of the emissions from high-growth firms, since those firms are likely to use intensity metric to control GHG emissions and no cap is imposed on the total emissions.
